The purpose of this study was to increase knowledge of the nitrogen-fixing cyanobacteria communities of Chilean rice fields. To this end, we sampled 34 rice fields situated between latitudes 34° 30' and 36° 36' S in central Chile. At each site, two water samples and one soil sample were taken. Samples were fixed in 4 % formalin before taxonomic determination. A total of 12 filamentous heterocystous taxa were determined, nine of which have not previously been recorded in Chile. For each taxon, a description based on morphological and reproductive characters was made and recorded along with information on the geographical distribution in the study area.
INTRODUCTION
To date there has been little taxonomic and floristic study of filamentous heterocystous nitrogen-fixing Cyanobacteria in Chilean rice fields. We are aware of only two studies, which have reported the presence of two taxa of this group: Gloeotrichia natans Rabenh. ex Bornet & Flahault (Parra et al. 1982 , Pereira et al. 2000 and Cylindrospermum muscicola Kützing ex Born et Flah.var. longispora Dixit (Pereira et al. 2000) . Nevertheless, it is likely that filamentous heterocystous nitrogen-fixing cyanobacteria have an important role in the nitrogen cycle in the soils of Chilean rice fields (Pereira et al. 2004) . The distribution in these taxa in Chilean rice fields is therefore of potential economic relevance.
Here we analyse communities of filamentous heterocystous nitrogen-fixing Cyanobacteria at 34 sites situated between latitudes 34° 30' and 36° 36' S in the rice-growing region of central Chile. The knowledge about distribution of the taxa obtained from this survey may help identify sources of cyanobacteria for use as biofertilizers in rice cultivation on nitrogen-poor or degraded soils.
MATERIALS AND METHODS

STUDY AREA
The study area encompassed a total of 34 sites situated between 34° 30' and 36° 36' S in the ricegrowing region of central Chile (Table I) . Most sites were located in the Central Valley, at altitudes between 100 and 200 m. a.s.l. Temperatures of most of the waters that were sampled were between 20° C and 25° C during the growing season (October-March), and pH ranged from 5.5 to 7.0.
COLLECTION OF ALGAL MA TERIAL At each site two water samples and one of soil were taken. The water samples were fixed in formalin before taxonomic determination. The soil sample was obtained introducing a glass tube in the water-soil interface to a depth of 5-6 cm. The sample was homogenised, a 1 ml extract was obtained from the suspension, and pH adjusted to 5.5. One ml of each of three dilutions 10 -1 , 10 -2 and 10 -3 was sowed in Petri plates enriched with Agar-Watanabe medium. The first cyanobacterial thalli began to appear within about three weeks. Thalli were then fixed with 4% formalin before taxonomic determination.
TAXONOMIC DETERMINATION Taxonomic determination of the species was performed with the aid of a Kyowa stereoscopic magnifier and a Nikon Optiphot microscope equipped with a reflex camera and a graduated eye-piece. Specialized bibliography was also consulted (Desikachary 1959; Geitler 1932 . The vegetative and reproductive characters used for taxonomic determination were: shape, colour and size of the thallus; breadth and length of trichomes; shape, size and colour of vegetative cells, heterocysts and akinetes, as well as texture and ornamentation of cell walls of akinetes.
RESULTS
ABUNDANCE AND DISTRIBUTION OF TAXA
A total of twelve filamentous heterocystous taxa were determined (Table I) . Two of them had been previously reported in Chilean rice soils: Gloeotrichia natans (Parra et al. 1982 , Pereira et al. 2004 and Cylindrospermum muscicola var. longispora. Nine represented new records for Chile (Pereira et al. 2004 1. Anabaena fertilissima C.B. Rao (Fig. 1 ). Trichomes single, with cells with rounded ends, up to 310 µm long, 5.6-6.4 µm broad. Cells barrel-shaped, 4.8-5.6 µm long. Heterocysts spherical, 6.4-8 µm diameter. Akinetes almost spherical, in long chains, often making the whole trichome sporogenous, 5.6-6.4 µm broad and 3.6-5.6 µm long, with a smooth hyaline outer wall.
ECOLOGY: Periphytic species. Cenobies gelatinous, subspherical, dark blue-green, 1.5-2 cm diameter. This species grows together with other nitrogen fixing algae such as: Gloeotrichia natans, Cylindrospermum muscicola var. longispora , Nostoc spongiaeforme var. tenue and Anabaena iyengarii var. unispora.
2. Anabaena iyengarii Bharadwaja var. tenuis C.B. Rao (Fig. 2) . Gelatinous mass, slender, free-floating, pale bluegreen. Trichomes single, straight or irregularly curved, 4-4.4 µm broad, apical cell conical with rounded apex. Cells barrel-shaped, as long as they are broad or slightly shorter or longer. Heterocysts in the majority. Subspherical, 4.8-6 µm broad and 4.8-7.2 µm long. Akinetes ellipsoidal or cylindrical, with rounded apex, single or in pairs on either side of a heterocyst, 6.4-8 µm broad and 9.6-12 µm long, with a hyaline smooth outer wall. 3. Anabaena iyengarii Bharadwaja var. unispora Rama N. Singh (Fig. 3) . Mucilaginous mass, dark blue-green. Trichomes single, free-floating 3.2-4 µm broad, with a conical apical cell, with round apex. Cells barrel-shaped or almost square, 4-4.8 µm long. Heterocysts barrelshaped, rarely subspherical, 4.8-7.3 µm broad and 8.8-12.8 µm long. Akinetes ellipsoidal or sub spherical, one on either side of the heterocyst, 13.6-17.6 µm broad and 26.4-44 µm long, with smooth and rust-coloured reddish inner wall.
ECOLOGY: Mucilaginous mass of irregular shape appears floating on the surface of the water in rice fields. It has been found associated with Gloeotrichia natans and Cylindrospermum muscicola var. longispora.
4.
Aphanizomenon holsaticum O. Richt. (Fig. 4) . Trichomes have a majority with pointed ends. Cells round, square or rectangular, 5-6 µm broad and 4.8-8 µm long. Heterocysts cylindrical or spherical, 6.4-7 µm broad and 5.6-9.6 µm long. Akinetes cylindrical, with rounded ends, adjacent to the heterocyst, 7.2-8 µm broad and 12-13 µm long.
ECOLOGY: Planktonic species, very scarce.
5. Cylindrospermum garakpurense Rama N. Singh (Fig. 5) . Trichomes blue-green, single, with deep constrictions in the joints, 4-4.8 µm broad. Cells cylindrical, 4-4.8 µm broad and 7.2-11.2 µm long. Heterocysts ellipsoidal or almost ellipsoidal, one at each end of the trichome, 4.8-5.6 µm broad and 7.2-10.4 µm long. Akinetes ellipsoidal with rounded apex, sub-terminal at either end of the trichome, 15.2-18.8 µm broad and 24-28 µm long, with a thick yellowish brown outer wall, provided with delicate needle-shaped projections, without exospore, 12-12.8 µm broad. ECOLOGY: Planktonic species, grows on the surface of water forming a green mucilaginous mass. This species grows together with Cylindrospermum muscicola var. longispora and Nostoc spp. Rare.
6. Cylindrospermum muscicola Kütz. ex Bornet & Flahault var. longispora S.C. Dixit (Fig. 6) . Thallus mucilaginous, extended, pale blue-green Trichomes 4-4.4 µm broad. Cells cylindrical or almost square, 6.4-10.4 µm long. Heterocysts oblong, 5.2-7.2 µm broad and 8.8-11.2 µm long. Akinetes oval, 8-12 µm broad and 16-20 µm long, with a smooth yellowish brown epispore.
ECOLOGY: Planktonic alga; mucilaginous thallus growing on the surface of water, and a pale bluegreen colour. This alga grows together with Gloeotrichia natans and Anabaena iyengarii var. unispora. (Fig. 7) . Thallus spherical, up to 10 cm broad, soft, hollow, blackish olive-green to brown. Filaments loosely arranged. Trichomes 7.2-8 µm broad, olivaceous, attenuated into a long hair. Cells at the base barrelshaped, as long as broad or sometimes shorter. In the upper part, the cells can be up to four times longer than broad. Heterocysts basal, more or less spherical, 4.8-12 µm broad. Akinetes cylindrical, straight or curved, with sheath 12-20 µm broad and 34.4-80 µm, without sheath up to 36 µm broad, saccate, hyaline or brownish and smooth.
Gloeotrichia natans Rabenh. ex Bornet & Flahault
ECOLOGY: Planktonic and periphytic species with thallus spherical or subglobose, olive green to brown, that appears attached to submerged plants or free-floating on water surface. Very common at most of the studied sites, where it appears associated with Cylindrospermum muscicola var. longispora, rarely with Anabaena iyengarii var. unispora and with species of the genus Nostoc. The most widespread in soils of Chilean rice fields.
8. Nostoc commune Vaucher ex Bornet & Flahault (Fig. 8) . Thallus firm, gelatinous, first globose, after flattened, expanding, undulated. Filaments flexuous, entangled. Trichomes 4.5-6 µm broad. Cells short barrel-shaped or nearly spherical, 3.2-5.6 x 2.4-2.8 µm Heterocysts sub-spherical or broadly ellipsoidal, 4.8-6.4 x 4.0-4.8 µm. Akinetes only sometimes observed, as big as the vegetative cells; small colourless epispore.
ECOLOGY: Species generally benthic, at water-soil interface and more rarely planktonic.
9. Nostoc ellipsosporum (Desm.) Rabenh. (Fig. 9) . Thallus gelatinous, expanded irregularly, attached by the lower surface, reddish brown. Filaments flexuous loosely entangled. Trichomes 4 µm broad, lightly blue-green or olive: Cells cylindrical, 5.6-6.4 µm long. Heterocysts sub-spherical or oblong, 5.6-6.4 µm broad and 7.2-10 µm long. Akinetes ellipsoidal to oblong-cylindrical, 6.4-6.8 µm broad and 8.8-11.2 µm long, with a soft, hyaline or brownish epispore.
ECOLOGY: Benthic species, associated with Gloeotrichia natans. (Fig. 10) . Thallus variable in size, at first globose later irregularly expanding, gelatinous, blue-green to FIGURES 10-12. Fig. 10 : Nostoc linckia. Fig. 11 : Nostoc spongiaeforme. Fig. 12 : Nostoc sp. violet, or dark green or brown: Filaments densely entangled. Trichomes 3.5-4 µm broad, pale bluegreen. Cells short barrel-shaped. Heterocysts subspherical. Akinetes subspherical, 6-7 µm broad and 7-8 µm long, with a smooth epispore.
10-Nostoc linckia Bornet ex Bornet & Flahault
ECOLOGY: Benthic species, growing on muddy substrates.
11. Nostoc spongiaeforme C.Agardh. var. tenue C.B. Rao (Fig. 11) . Mass gelatinous, small, slender, expanded, brownish black to brown, sheath hyaline or pale yellow, generally more or less diffluent, occasionally firm: Trichomes densely entangled, 4-4.8 µm broad. Cells spherical, subspherical, ellipsoidal or barrel-shaped, those adjoining the heterocysts lightly attenuated, 4-7.2 µm long, ends cells of generally with a pointed FIGURES 8-9. Fig. 8 : Nostoc commune. Fig. 9 : Nostoc ellipsosporum.
apex. Heterocysts spherical, subspherical, ellipsoidal or with barrel-shaped, rarely cylindrical with the flat or rounded ends, 4.8-7.2 µm long. Akinetes in chains 3-15, spherical, subspherical or ellipsoidal, 8-9.6 µm broad and 8-9.6 µm long, hyaline and smooth outer wall.
ECOLOGY: Generally benthic species, grows at the water-soil interface with the appearance of a gelatinous mass. Sometimes associated with Anabaena iyengarii var. unispora, Cylindrospermum muscicola var. longispora and Gloeotrichia natans.
12. Nostoc sp. (Fig. 12) . Thallus very small, blue-green. Filaments not densely entangled, blue-green. Cells short barrel-shaped, 3.2-4.0 x 2.8-3.2 µm. Heterocysts ellipsoidal, 4.0-4.8 x 3.2-3.6 µm. Akinetes not found.
ECOLOGY: Planktonic species, appears on the water surface.
